Larvae of the Japanese horned beetle, Trypoxylus dichotomus septentrionalis (Kono 1931), feed on putrid wood and leaf litter, and are assumed to play important roles in the degradation of polysaccharides produced by broadleaf trees in Japan. Wada et al. showed the presence of strong degrading activities against several polysaccharides, e.g., b-1, 4-xylan, pectin, and b-1,3-glucan, in the contents of the larval gut and an alkaline pH (pH 10) of the contents of the larval midgut. Xylanolytic strains of bacteria, H05TDL, F09TDL, and W02TDL, were isolated, by use of alkaline media containing 0.5% xylan, from the hindgut and feces of T. dichotomus larvae and putrid wood used for feeding of the larva; and these strains seemed to belong to the genus Dietzia by 16S rDNA analysis. The strain H05TDL showed higher xylanolytic activity at alkaline pH than at neutral pH. The cells of this strain were Gram-positive aerobic rods containing short-chain mycolic acids (33-40 carbon atoms) and arabinose and galactose as the major cell-wall sugars, which also support that the strain belongs to the genus Dietzia. The bacterium grew well between pH 6.8 and 9.6 (optimally at pH 8.3), and produced b-1,4-xylanase, which showed its maximum activity at pH 9.4. In the pH range between 8 and 10, the enzyme activity was 70% of the maximum activity or higher, suggesting that the b -1,4-xylanase may have become adapted to the alkaline lumen of the gut.
INTRODUCTION
The Japanese horned beetle, Trypoxylus dichotomus septentrionalis (Kono 1931) (formerly Allomyrina dichotoma septentrionalis (Kurosawa 1985) ), widely inhabits forests of broadleaf trees on Honshu Island, Japan. Larvae of T. dichotomus ( Fig. 1 ) feed on decayed wood or leaf litter, but not fresh wood, and are assumed to play important roles in the degradation of polysaccharides produced by broadleaf trees in these forests. Wada et al. detected an alkaline pH (pH 10) of the contents of the larval midgut and strong degrading activities against several polysaccharides including b-1,4-xylan, pectin, and b-1,3-glucan; whereas they found no or little hydrolytic activity against phosphate-swollen cellulose, b-1,3-mannan or chitin (data will appear elsewhere). Since b-1,4-xylan is a major hemicellulose of broadleaf trees and is hydrolyzed by b-1,4-xylanases and b-xylosidases 1, 2) , the strong xylanolytic activity in the larval gut is in accordance with the larval dietary pattern mentioned above. These dietary enzymes may originate from the host itself and/or from intestinal microorganisms. There have been many reports on isolation of xylanolytic alkaliphiles (see references a review by Collins et al. 3) and references cited therein), e.g., Bacillus spp. from soils 4) and Paenibacillus sp. from soilfeeding termites 5) . Many of them have been, however, found to produce alkaline-tolerant xylanases showing relatively high activities in alkaline conditions but with pH optima in the near neutral region 3) . A variety of microorganisms have been detected in the larval guts of humus-feeding or herbivorous scarab beetles 6, 7) ; and a xylanolytic bacterium, Promicromonospora pachnodae 8) , recently reclassified as Xylanimicrobium pachnodae 9) , was identified as the dominant isolate using plates containing xylan or carboxymethylcellulose (CMC) from the larval gut of the scarab beetle Pachnoda marginata fed with beech litter or CMC. We have been analyzing the microbial flora in the larval gut of T. dichotomus by both culture-dependent and culture-independent methods, and have obtained a variety of microorganisms (data will appear elsewhere). Although these data suggest that xylanolytic bacteria may play a role in degradation of the hemicellulose by T. dichotomus, it was still unclear whether these microorganisms are present in the gut of the beetle and play a role in degradation of xylan.
In this report, we describe the isolation of xylanolytic alkaliphiles from the intestine tract and feces of T. dichotomus as well as from its immediate environment, and characterization of the isolate from the gut, Dietzia sp. H05TDL, which produces xylanolytic activity with an alkaline optimum pH.
MATERIALS AND METHODS

Media and culturing conditions
Medium 
Isolation and characterization
Larvae of T. dichotomus and leaf litter were collected at our campus on May 24, 2001 . The larvae were cultured in leaf litter, which was exchanged for fresh litter every 3 weeks. Feces and pieces of putrid wood were manually collected after separation from the conditioned leaf litter using a 4 mm sieve. Contents of the larval guts, feces, and putrid wood were homogenized. Since few xylanolytic alkaliphiles were isolated by direct platings of the homogenates we employed enrichment cultures before selection with alkaline agar plates containing xylan. Portions of the homogenates were transferred into 100 ml of XAE-1 or XAE-2 medium and incubated for 3 days at 28ºC with shaking (1st enrichment culture). Portions of the 1st enrichment cultures were then transferred into fresh XAE-1 or XAE-2 medium and cultured as described above (2nd enrichment culture). Second enrichment cultures were streaked onto XAE-1 or XAE-2 agar plates and incubated at 28ºC. Colonies forming clear zones on the agar plates were further screened by growing them in liquid media and assaying enzyme activity in the cell-free culture supernatant fluid. Selected strains were maintained on XA agar plates.
Enzyme preparation
A loopful of bacterial cells was inoculated into 5 ml XA medium in a tube (18 mmφ × 18 cm), and the cells were cultivated for 3 days at 28ºC with shaking (preculture). One ml of the preculture was transferred into 100 ml of fresh XA medium, and the culture was then incubated for 7 days at 28ºC with shaking. Cell-free supernatants were obtained by centrifugation at 10,000 × g for 20 min and employed for further characterization.
Analytical methods
Xylanase activities were measured as follows: the reaction mixture consisted of 50 ml of appropriately diluted cell-free supernatant, 500 ml of 1.0% xylan aqueous solution, 250 ml of 100 mM GTA buffer solution (pH 3.0-11.0) or 100 mM or 200 mM NaHCO 3 buffer, and 200 ml of pure water. The GTA buffer consisted of 100 mM 3,3-dimethylglutaric acid, 100 mM tris (hydroxymethyl) aminomethane, and 100 mM 2-amino-2-methyl-1,3-propanediol, and pH was adjusted by adding HCl and NaOH 10) . After incubation at 30ºC for 18 h, xylanase activities were determined by measuring the release of reducing sugar by the Somogyi-Nelson method 11) . One unit of xylanase was defined as the amount of enzyme that catalyzed the liberation of reducing sugar equivalent to 1.0 mmol of D-xylose per minute. Protein concentrations were determined as described by Bradford 12) . Mycolic acid was extracted and analyzed by gas-liquid chromatography-mass spectrography as described previously [13] [14] [15] [16] [17] . Cell-wall sugars were determined as described by Schleifer 18) .
16S rRNA gene sequence determination and analysis
Using a purified genomic DNA template, we amplified the 16S rRNA gene as described previously 18) . Bacterial DNA was extracted by use of an InstaGene Matrix DNA extraction kit (BioRad, Hercules, CA, USA) according to the manufacturer's instructions. 16S rRNA genes were amplified by using a pair of universal primers, 27f (5'-AGAGTTTGA-TCMTGGCTCAG-3', positions 8-27 of Escherichia coli 16S rDNA) and 1525r (5'-AAGGAGGTGATCCAGCC-3', positions 1541-1525 of E. coli 16S rDNA) 19) . The PCR conditions were as follows: denaturation for 1 min at 95ºC, annealing for 1 min at 58ºC and elongation for 2 min at 72ºC for 35 cycles. The PCR product was purified and sequenced with an ABI Prism model 3100 sequencer (Perkin-Elmer Applied Biosystems, Foster City, CA, USA) by using internal primers 19) . Sequences were analyzed and concatenated by using GENETYX. A multiple-sequence alignment was prepared by using CLUSTAL W 20) , and phylogenetic trees were constructed by using the neighbor-joining method 21) as calculated by the Jukes and Cantor method 22) . A bootstrap confidence analysis 23) was performed with 1,000 replicates.
RESULTS AND DISCUSSION
Xylanolytic strains, H05TDL, F09TDL, and W02TDL, were isolated from the gut contents and feces of T. dichotomus larvae and from the putrid wood used for their feeding by using alkaline media containing 0.5% xylan as described in the Materials and Methods section. These strains expressed xylanolytic activities in their supernatants when the bacteria were grown on alkaline liquid media containing 0.5% xylan. Their 16S rRNA genes were amplified by using a pair of universal primers (27f and 1525r), and their nearly full-length nucleotide sequences were sequenced. The obtained sequences from F09TDL (AB266602) and W02TDL (AB266603) were identical, whereas the H05TDL sequence (AB266601) was different from the F09TDL and W02TDL ones at only 1 nucleotide. By a subsequent database analysis these 3 isolates appeared to belong to Actinobacteria, Actinobacteria (class), Actinobacteridae, Actinomycetales, Corynebacterineae, Dietziaceae, Dietzia (Fig. 2) T (AY972480). All these isolates, F09TDL, H05TDL, and W02TDL, showed xylanolytic activities at an alkaline pH (10.0) with H05TDL showing the highest activity. We, therefore, further characterized H05TDL isolated from the gut contents of T. dichotomus.
The organism formed small rod-shaped cells that were aerobic, Gram-positive, and non-endospore-forming. Shortchain mycolic acids (34-40 carbon atoms) were present and the major cell-wall sugars were arabinose and galactose. H05TDL showed good growth over the temperature range of 17-30ºC with optimal growth at 28ºC after 2-day culture. Preliminary measurement of the oxygen concentration in the gut lumen showed that it was aerobic in the vicinity of gut wall, but anaerobic in the center region of the gut lumen, suggesting that this bacterium could grow in the vicinity of gut wall. Further study is, therefore, necessary to clarify whether or not the gut is a natural habitat of the bacterium. On the basis of these observations and 16S rDNA analysis as described above this strain seemed to belong to the genus Dietzia.
The isolate H05TDL showed good growth over the pH range of pH 6.8-9.6, with optimal growth at pH 8.3, but no or little growth below pH 6 or above 10 at 28ºC for 5 days, thus indicating H05TDL to be alkaliphilic. This growth pH range is similar to that of D. natronolimnaea 24) , D. maris 24) , D. psychralcaliphila 25) , D. kunjamensis 26) , and D. cinnamea 26) . Growth of H05TDL was inhibited by 59% when potassium ions in the alkaline medium were replaced by sodium ions, i.e., 0.5% Na or 83% at 2.5% Na. The preference for K + over Na + in alkaline medium has been reported for alkaliphiles isolated from several termites including xylanolytic Paenibacillus sp. from the soil-feeding termite Sinocarpritermes mushae 5, 27) . In the gut of T. dichotomus, elevation of the gut pH was linked to an increase in the potassium ion concentration, which was more than 10-fold higher than that of the leaf litter; whereas sodium and calcium ion concentrations were low, being less than one-half of those of the leaf litter (data will appear elsewhere). Similar results were reported for some soil-feeding termites and caterpillars; e.g., large amounts of K + were detected in high pH gut portions of soil-feeding termites 28) . Also, in the alkaline gut of caterpillars, elevation of the gut pH was reported to be evidently linked to potassium transport and the net accumulation of K 2 CO 3 29) . We speculate that the strain H05TDL might have obtained its preference for potassium ions over sodium ions in the alkaline medium during its adaptation to the chemical conditions in the gut of T. dichotomus. Interestingly, in tryptic soy broth (pH 7.0) the inhibitory effect of NaCl on the growth of H05TDL was similar to that of KCl: the bacteria showed growth at between 0-10% of either salt with optimum growth in the absence of salt. A similar NaCl inhibitory profile was reported for D. maris by Duckworth et al. 24) . In contrast, D. natronolimnaea showed growth at 10% NaCl in not only neutral pH medium but also alkaline pH medium 24) . It is noteworthy that a number of Dietzia strains have been isolated from alkaline habitats, e.g., soda lakes and ground water. Strains of D. natronolimnaea were isolated from the ACTINOMYCETOLOGICA VOL. 20, NO. 2 sediment samples of Lake Oloidien (or Little Lake Naivasha; Rift valley, Kenya) 24) and from decomposing rhizomes of the common reed, Phragmites australis (Cav.), of Lake Ferto (Neusiedlersee, Hungary) 30) . In addition, Dietzia spp. were also isolated from the rhizomes of declining reed stands in Lake Velencei (Fejer, Hungary) 31) . Strains of D. natronolimnaea were dominant isolates (32%) from the groundwater (pH 11.3) of Cabeco de Vide (Portugal), and they grew well at pH 8 and pH 9 but not at pH 7 or below or above pH 10 32) . Dietzia strains were also isolated from intestinal tracts of fish such as carp 33, 34) ; and, recently, bacteria related to Dietzia maris were isolated from the pupae, but not from the larvae, of an obligate parasitic fly, Wohlfahrtia magnifica (Diptera: Sarcophagidae) 35) . The effect of pH on b-1,4-xylanase activities in the culture supernatant of H05TDL was determined by varying the pH of the reaction buffer (Fig. 3) . The b-1,4-xylanase activity of H05TDL showed its maximum value at pH 9.4 and remained more than 70% of this maximum activity at other pH values between pH 8 and pH 10. To study the effect of pH on enzyme stability, we diluted the culture supernatant in appropriate buffers of varying pH values, incubated the enzyme at 30ºC for 2 h, and then examined the enzyme activity. The b-1,4-xylanase activity was stable over the pH range of 5-12. Although the extent to which microorganisms in the gut contribute to digestion remains unknown, these enzymatic characteristics together with the physiological characteristics of strain H05TDL mentioned above suggest that the strain may play a role in the digestion of xylan in the gut of T. dichotomus. 3 . Influence of the pH on the xylanase activity in culture supernatants of H05TDL. For the pH profile, the pH of the reaction mixture was adjusted to 3-11 with 100 mM GTA buffer (closed diamonds) and sodium-carbonate buffer (closed triangles). Values are the means of the results from 2 experiments; the values in each experiment did not differ more than 10%.
